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Introduction

During the recent few decades, many
researches have been carried out in the subject of
heat-treatment. We have now in our possession
many processes to bring about the most valuble pro-
perties in the simple carbon and alloy stee-ls which
our ancesters scarcely heard of. However, we should
never rest satisfied with what has: been already
achieved. Indeed, the subject of he-t-treatment is
still in its infancy and yet'wej:s ignorant as ever.
For instanee, our knowledge with regard to the diff-
erent aspects of spheroidization is still very meagre.

Though there are few cases in which
tle effect of spheroidization have been made kndwn,
p:rhaps not a single one has been investigated on the
. simple carbon and alloys steels with relation to the
vatiation of different tempering temperatures,

The writers, therefore, proposc to oo
"'A comparative test in amnealed and spheroidized steels
after quenching and tempering at different temperatures.'!
With knowledge however imperfect, they hope some con-
tribution might be made or at least common interest
might be aroised in- the different aspects of spher-

oidization on stecls,
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Procedure
(a) Preparations--There are two kinds of stecl
investigated, namely simple carbon and nickle steels, the
compositions of which are given in the data sheet. All
together fifty-six specimens are madc. For each kind of
steel the following operations are carried 6ut.

Before machining, one half of the stock
bars cut are annealed in electrical furnaces at a temper-
ature of 1500° F for an hour and the other half spheroidi-
zed in a furnace with an automatic recording device for a
continuous operation of twenty-four hours. Both of the
snnealed and the spheroidized stock bars are then cooled
with the furnaée.

After they are turned into tensile test
specimens, the‘next operation is t6 quench them in o0il
at 1525° F. Salt bath is ad0ptedjinstead of either
electrical or gas furnace in order to prevent oxidation .
for that purpose.

Then four specimens, two of them taken
from the annealed and two from the spheroidized group,
are tempered for forty-five minutes from temprestures of
700° F to 1200° F for every 100°degrees. They are
are cooled in air. These tempered specimens make a total
of twenty-four, with four ( two of annealed and two of
spheroidized) left untempered es the originalses The

grand total is twenty-eight pieces of simple carbon steel



and twenty- eight pieces of nickle steel.,

(b) Now they are ready to test, The test
machine used is the Olsen's autographic test machine.
The principle part of this machine different from an or-
dinary test machine is its recording device controlled
automatically by means of electrical contact. While
the load is applied to the specimen, a curve plotted
with loads in pounds agsinst elongation in inches is
gradually built up in a very good shape, from which
the load atiyield point and the load at maximum point
can be readily obtained. Then the area at fractured
section and the total elongation are to be measured,
after the specimen has been broken, The load at
yield point or at its maximum limit divided by the
original cross section area will give the stress in
pounds per square inch at yield point or its temsile
stfength of the metal, The differchee between the
original and the fractured cross sectional area d%ided
by the original cross sectional aree will be the per
cent in reduction of aresa. The tatal eldngation
divided by the gage length, which is two inches for
each, will be the per cent of elongatdon, |

Fi2lly Brinell hardness test is

made, using 10 milimeter ball and 35000 kilogrem pre-
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ssure. Threading part of the specimen is ground
off partly flat giving space sufficient so that
several impressions can be made by the Brinell
hardness test machine. The diameters are then
measured under & microscope. Then the Brinelll
numbers are interpreted from a chart, which gives
the relation between diameter and hardness number,
Having the test completely made,
curves are plotted for each gvuup of specimens with
yield point, maximum strength, reduction of area,
elongation, and Brinell hardness as ordinates and
tempering temperatures as abscissae. In order to
indicate the results clearly, curves for both an-
nealed and spheroidized steels are madeo on the same

sheet for comparision.
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Tention Test

Simple carbon steel, specimen

{A) annealed

(S) spheroidiped

Original ( .withdut quenching and

Specimen mark
Gage length, ins,
Diameter, in.
Load at Y.P. 1lbs,
Max, load 1lbs.
Fract'd diam. in,

Dltimate exten'n in.

(A)

N
[§%)

0505 499
10300 10400
18150 17950

Area of original

section sg. in.
Yield point

1bs per sg. in,
Maximum load

1lbs. pér sqe. in.
Aren of fraet'd

section sq. ine.
Reduetion of area

of cross sect'n %
Ultimate extension

in %

0377 0576
2055 2050
»200 ,196

51700 53100
90700 91600
,112 111
44,0 4344

26,9 25.0

témpering )

(s)
2
«500
9300
15550

-~

0 HEE

2451

«196

47300

79200

.0C1

58.8

2845

198

46000

78600

002

58.6

29.0
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Tension: Test
Simple carbon steel
Specimen {A) annealed at 1500°F
(S) spheroidized
Quenching temperature-1525°F
Tempering tempcrature-700°F

Specimen mark (a)

Gage length, in. 2 2
Diameter, in. 503 .500
Lo=d at Y.P.lbs. 18500 19000
Max. load 1lbs. 28200 27600

Diameter of
fractured seet.in .356 ¢ 350

Ultimate extension 2.25 2.28

(s)
2
502
13500
27200

0 546
2,34

Area of orig'l

sectibn sq.ins. 199 .196
Yield point,

poumds/sq, in. 98100 97000
Meximum load

pds./sq. in,. 142000 141000
Arwa of fract- |

ured sect.sq.in. .0995 0962
Reduction of area

cross sect. % 50.0 50.9

Elongation &% 12.5 14.0

198
93500
137000
Q940

42,6
17,0

498

19500

27200

0 564

2426

195

100000

159600

.104
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Tension Test

Simple carbon steel, specimen

{(A) annealed

(S) spheroidized

Quenching temperature-1525°F; Tempering temperature-800°i

Specimen mark
Gage length, ins.
Diameter, in
Load at Y.P. 1bs,
Max. load 1bs,

Fract'd diam. in.

Ultimote exten'n in. 2,35

Ares of original
sect'n sq.ins,
Yield pdint
1lbs per SQ. in.
Maximum load
1lbs. per sq. in,
Areg of fraet'd
sect'n sq. ins.,
Reduction of area
of cross.sect’n %

Ultimate exten'n_%

(A)

2 2
«502 «500
19050 18700
26600 26150
0348 « 348
2433

0198 196
26200 95500
134000 133000
.0951 0951
5245 5165
17,5 16.5

.504
18000
33500

.590

192

90500,

168000

113

40.1
11.5

(S)
2

. 504
18500

197
95000
151500
109

45,2
1z2.0
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Tension Test
Simple cerbon steelwy specimen
{A) annealed
(S) spheroidized

Quenching temperature-1525 ; Tempering tempersture-30CF

Specimen mark (A) {s)
Gage length, ins. 2 2 2 2
Diameter, in. .499 .501L  .504 503

Load at Y.P. 1bs., 19250 20800 18850 18070

Max, load lbs. 26170 27770 26000 20800
Fract'd diam. in. «353 @374 « 340 0360
Ultimate exten'n in. 2,3 2,217 2.38 2433

Area of original

sect. sq. ins. 196 197 199 .199
Yield poiny

lbs. per sq. in. 93300 106000 94500 91000
Maximum 1o§d

lbse.per sq. in. 1335000 241000 130000 130000
Area of fract'd

sect'n sq.in. .098 .110 .091 ,102
Reduection of afea

of crass sect'n % 50,0 44,2 54,5 48,7
Ultimate exten'n % 15.0 1355 19,0  16.5
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Tension Test
Simple carbon steel, specimen
(A) annegled
(s) spherdidized

Quenching temperature-l525°F;Tempering temperature~l000°F

Specimen mark (1) {s)
Gage length, ins, 2 o 2 2
Diameter, in. »502 502 0503 e503

Lo2d at Y.F, 1bg, 18000 17000 17000 16100
Max., load 1bs. 29400 24000 25750 23520
Fract'd diam. in. @345 353 0328 « 542
Ultimate exten'n in 2.35 2e317 2639 2.40

Area of original

sect. sq. in. 0198 198 199 199
Yield point

1bs. per sge. dn. 90900 85900 85500  8350C
Maximum losd

lbs. per sq. in. 126000 121000 119500 118000
Reduection of ares

of eross sect'n % 52,5 564G 5765 53,8
Ultdmate exten®n % 17.5 18.5 19.5 20.C
Area of fract'd

gsection sq. in. 0094- 0087 0084 4092
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Tension Test
Simple carbon steeél, specimen
| (A) annealed
(S) spheroidized
Quenching temperature-1535°F; tempering temperature-1100°F

Specimen mark {4) (5)
gage length, ins, 2 2 2 e
Diameter, in. 498 A98  ,503 .503

Loed at Y.P, 1bs. 16300 16300 16050 10650
Max, load 1bs. 22750 22500 21820 21270
Fract'd diam. in. 325 #5117 e325 321
Ultimate exten'n in. 2,35 2444 244 2,49

Area of original
sect'n sq, in. 0195 o195 0199 199
Yteld point
1bs. per sq. in 383600 83600 £o0700 78700
Maximum loed
1bs per sq. in 117000 115000 109600 107000
Reduction of area
of cross sect'n % 57.9 5945 58.3 5963
Area of fract'd
section sq. in, 082 .0789 083 .C81
Ultimate exten®™n % 17.5 22,C 22,0 24,5
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Tension Test
Simple carbon steel, specimen
{4A) eannealed
(S) spheroidized

Quenching tempzrature-1525;tempering temperature~l1200°F

Specimen maklk (1) (s)
Gage length, ins, 2 2 2 2
Diemeter, inch 2497 499 2503 «503
Load at Y,Fe 1lbs, 16900 15500 14750 15100
Max, load 1bs. 20600 20750 18800 18620
Fract'd diam. in. #3017 03507 #3519 0323

Ultimate exten'™n in 2,52 2048 2456 2 .56

Area of original

section in. 194 +196 2199 «199
Yield point

lbs. per sg. in. 87100 79100 74200 76100
FMaximum load

ibs. per sq. in. 106000 106000 99600 98900
Area of fractitd

section sq. in. 0740 0740 .0799 .,0819
Reduction of areaa

of cross sect'n % 61,8 6z,2 59,8 58,8
Ultimate exten'n % 26,0 24,0 28.0 28,0
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Tension

Nickle steel, specimen

Best

{N) ancealed

{P) spheroidized

Original { whthout gquenching and &empering )

Specimen mark

Gage length, inches
Diameter, inch
Load at Y.P., 1bs.
Max. load 1bs

Fractured éiam, in

Ultimate exten'™n in.

Area of original
section sg. ine.
Yield point
lbs. per sq. ine.
Maximum load
lbs,per sqg. in.
Area of fractured
section sq. in.
Reduction of area
of cross sect'n %
Ultimate extenwmion

in %

()
2 2
.502 3502
12500 11850
19000 19100
0551 .354
2,56 2,56
«198 198
635100 60000
96000 96500
.0860 0876
6607 65.8
28,0 28,0

(P)

2 2
496 2504
9500 5500

21750 22300

3T5 4360

2,45 2044

195 «200

49200 47500

112704 111500

1100 .1020

4540 49 .0



{13)

Tension Test
Nickle steel, specimen
(V) annealed
{P) spheroidieed
Quenched et 1525°F and temperéd at

Specimen merk (x)
Gage length, inch 2 2
Diameter , inch «500 503

Load at Y. P. 1bs. 33900 340
M-x. load 1lbse. 36900 37200
Fraet'd diam. in. ¢330 0520
Ultimate exten'd in. 2.25 2,28

700°F

«505
34000
38400

346

2.25

Area of original

section sq. ine. 0196 «199
Yield point

1bs. per sg. in. 173000 171000
Maximum load.

lbs. per sq. in, 188000 187000
Area of fractured

section sg. in, ,0855 0355
Reduction of area

of cross sectionp 56 4 57.0
Ultimate exten'n

in % 12.5 14.0

199

171000

195000

(p)

#2505

54000

38550

0355

€425

«200

170000

23000

0977

oL.1l

12,5
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Tenshon Test
Nickle steel, specimen

(N) annealed

(P) spheroidized
Quenched at 1525°F and tempered at TOO°F

Specimen mark (N) (p)
Gage length, inches 2 2 2
Diameter, inch 499 501 +504

Load at Y.P. 1lbs. 30600 31000 %1000
Max. load lbs. 33000 33250 54550
Fractured diam, in. 332 322 e 531

Ultimate exten'™n in. 2.29 2,29 2.217

Area of original

section sg. in. 195 1977 199
Yield point

1bs. per sg. in. 157000 157000 155300
Maximum load

1bs. per sg. in., 2169000 169000 172100
Ares of fract'd

section sq. in. 014 0814 0860
Reduction of area

of cross section ¢ 58B.3 5847 56,9
Ultimate extension

197

156000

171200

0824

5845
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Tension Test
Nickle steel, specimen
(N) annealed
(P) spheroidized
Quenched at 1525°F and tempered at 900°F

Specimen mark (W) {p)
Gage length, inches 2 z 2
Diameter, inch «503 ¢503 0502
Load &t Y.P. 1lbs, 278000 27800 27200
Max. load 1bs. 29950 29900 29900
Fractured diam,. in, 319 2520 0524
Ultimate exten'n in. 2,352 244 2,32

Arra of original

section sg. in. 2199 .199 19598
Yield point

lbs. per sq. in. 140000 140000 137200
Area of fractured

section sq. ine. 0799 0804  ,0824
Reducton of area

of cross section % 5941 59 .6 58.4
Ultimate extension

in % 16,0 17.0 16.0

1938

144000

,0824

5844

1545
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Tension Tegt

Nickle stcel, specimen

(I{) anneaked

{P) spheroidized

Quenched at 1525°F and Tempered at LO0O0°F

Specimen mark
Gage length, inches
Diameter, inch
Load at ¥.P. lbs.
Max. load 1bs.
Fractured diam. in.

Ultimate exten'd in

Area of original

gection sq. in.
Yield point

lbs. per sq. ine.
Mgximum load

1bs. per sqg. in.
Area of fractured

section sg. in.
Reduction of area

of cross section %
Ultimate extension

in %

{N)

2 2
504 502
24800 24650
27050 26750

3153 o312

2 ¢40 2,38
2199 .198
124000

155500

Q769

61,5

20,0

(®)
+503
24600
27300
517
2,56

«199

124500 124000

155200 137000

.Q765

61l.4

+0789

60,2

18.0

Ny

504
24600
26900

2456

159

123400

155000

Q779

6039

18.0
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Tension Test

Nickle steel, specimen

(N) annealed

(P) spheoidized

Quenched at 1525°F and tempered at 1100°F

Speeimen mark (W)
Gage length, inches 2 2
Diameker, inch 502 #2002
Load 2t Y,P., 1bs. &1100 21150
Max, load lbs. 23750 22950
Fractured di=m, in. 0296 0297
Ultimate exten'n in 245 2e45
Area of original
section sq.in. 1968 198
"Yield point
lbs. per sqs in. 106500 107000
Maximim load
1bsS. per sq. in. 120000 121000
Erea of fractured
section sq. in. .0688 .0693
Reduction of aresa
osf eross section % 65.2 65,2
Ultimate extension
ia % 2248 22,5

(P)

2 2
505 502
2075 20600
23750 23450
.296 2296
2,44 2,46
200 )98

105750 104000

118750 118500
0688  ,0688
6546 65,2
22,0 2540
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Tension Test

Nickle steel, specimen

(N) anmealed

(P) spheroidiized

Quenched at 1525°F and tempered at 1200°F

Specimen mark
Gage length, inches
Diameter, inch
Load at Y. P. 1lbs.
Max, load 1bs.,
Fractured diam. in,

Ultimste exten'n ine.

Area of original

section sq. in.
Yiéld point

1lbs, per sq. in.
Maximum load

lbs. per sq. in.
Area of fractured

section sg. in.
Reduction of area

¢ross scetion %
Ultimate extension

in )

{v) {p)
2 2 P

502 0502 .501
16850 1630C 16800
22150 22100 21950
295 «305 0295
2955 2053 2054—
198 JA98 197
85200 82400 85250
111800 111600 111400
6545 65,2 65,3

26,5 2y.5 27,0

«50L

16750

21800

274

2455

197

65100

111100

0679
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Tabulation of Data and Results

I.Simple Carbon Steel

Steel composition ¢ S.A.E. No. 1045 )

C'O'OO‘

045‘050

Mn..... ¢55'.60

Seesses 005 (m&X¢) Sieeees o532

Diameter of specimen, 0,5 inch

Gage length, 2.0 inches

P‘OQ‘O

Brinell test;1l0 mm, ball, 3000 kg. pressure

0045 (mEXt)

(2) Anneaied at 1500°F and then quenched in oil at 1525°F

Tempering Yield point|{Max. load |[Reduction |Elongat'n|Brinell
temperature|lbs/sq.in., |1bs/sqg.in|of area % | % hardness
Original 52,400 91,100 43,6 45,9 178
700° F 97,600 142,000 50.9 13,7 270
800 95, 900 134,000 52,0 17.0 254
900 102,000 187,000 472 14,7 265
1000 88,400 125,000 54,2 138.0 251
1100 83,600 116,000 58.7 19.7 21
1200 8},100 106,000 62,0 25,0 211
{b) Spheroidized and then quenched in o0il at 1525°F
Original 47,200 78,900 58.6 28,5 155
700° F 96,700 138,000 | 44.6 15.0 265
300 92,000 160,000 42 .6 12,0 286
900 22,1700 150,000 51,5 17.6 22
1000 84,600 119,000 55.6 19.7 222
1100 84,700 108,000 58.8 L2 223
1200 75,100 99,200 593 28.0 191




II Nickle Steel

(20)

Steel composition { S.A.E, No. 2335 )

COOOOOD

«50=,40

Niccoon 3025“3075

Diameter of specimen, 0,5 inch

Mleeooo 050'080

Gage length, 2,0 inches

Brinell test; 10 mm, ball, 3000 Xkg. pressure.

Soeese .O45(max.)

(a) Annealed at 1500°F and then quenched in oil at 1525°F

Tempering |Yield point|Max., load |Reduction Elongat*n|Brinell
temperature|lbs/sq.in., |1bs/sq.in|of area % % hardnes:
Original 61,550 96,250 6645 28.0 183
700° F 172,000 187,500 5647 13.3 588
800 157,000 169,000 58.5 14.5 369
900 140,000 150,500 | 59.6 16,5 341
1000 125, 300 135,300 | 61.4 19.5 298
1100 106,700 120, 500 65.2 22,5 255
1200 83,800 111,700 64 4 26,5 232
(b) Spheroidized =nd then gquenched in oil at 1525°F
Original 48,350 112,100 46,0 22,2 223
700 1170, 500 193,000 51.9 12,5 415
800 155,700 171,100 57.17 13,2 369
900 140,600 154,400 58.4 15.7 531
1000 123, 700 136,000 | 60,5 18.0 289
1100 103,900 118,600 65 .4 22,5 255
1200 85,180 111,250 65.4 27,2 215
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Genemal Discussions

On Spheroidization

As a brief statement of the causes and
formation of the globular cementite might be helpful
to a proper appreciation of the final results, a few
pages will be devoted to the subject of spheroidization
in general,

In ordinary steels, the cementite and ferri-
ite exist in laméllar form. After propce heat-treatment,
the lamellar ccmentite elements will disappear to form
into globular cementite elements., This is simply a
manifestation of the complex materials toward structural
equilibrium: ZElements of structure of similar kinds
tend to unite and form coarser elements and the contours
of these elements tend to become rounded on account of
surface tehsion.

In mixtures of two phases, such as cement-
ite and ferrite, spheroidization or coalesccnce may be
brousht ebout under two sets of conditions, namely; (1)
at constant temperatures and (2) at falling temperatures.

(1) At constant temperatures--Here sphero-
idization depends upon the solubility of the structural
elements, which in turn is determined by their stege of
deformation, the radii of their curves, and their diff-
usion in the solid stede., ILience ithe original dimensions

of the particles an.' their state of internsl stress are
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impoertant. As rate of diffusion is faster at high
temperature, high temperature favors spheroidization.

(2) At falling temperaturcs--lere in

adddition to the factors mentioned above are added in-
fluence of cerystalline germ-forms, heterogeneity of
solid solutions the wariation of solubility with the
temperature, the faculty of spentaneous crystallizat
ion an~d the linear rate of crystnllization.,.

These various factors lcad to the form-
ation of rounded cementite, called globular or spher-
oidal cementite. In steels of low carbon content, the
coalescence of ithe cementite reveals itself by tiie
pearlite ar.a becoming bounded by a belt of partly
formed cem htite with racged ciges., Before the lam-
ellar cementite has been completely tran-formed to the
globular cementite, it reaches an intermediate stage
when one can detect strands of spnerules,

In case of hyper-eutectic carbon steels,
distinetion should be made between the coalescebce of
the pro-eutectic cementite below Acm and above Al and
that of the euteetic cementite below Al' In t-: form-
er case, the solubility of the cementite depends upon
greatly the temperature while in the later ease , it
is independent of the temperature. As the different

factors influence the provcrtics of steel differently
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according as the temperature zone is above or below Al,
we have to discuss th. different factors accrodig to
the following classifications.
I For steels of the same composition
(a) Above 44
(1) Rat. of cooling
{2) Temperature and duration of init-
ial heating.,
(5) Temperature alternations aboveA Ay
(b) Below Al
(4) Temperature and duration of main-
tenance at this temperatuvre.
(5) Previoys mechanical working.
(6) Original fineness of the cementite
elements [ troostite or morbite ).
II For steels of dif.erent compositi&ons
( the prececeding six foctors remaining constant )
(7) Carbon content
(&) Pres.nce of elements other than
carbon,
Let us take a brief survey of the effect
of these varicus factors od spheroidization.
I. Above Al
(1) Rate of cocling-- Below Acm and

above Al, and during thc passege through A, cooling
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favors coalescence. It is becsuse more time given for
the process to take place. Below Al’ the effect of
cooling is practically negligible, though it still fa-
vors coslescence.,

{2) Temperature and duration of heating
above Aj-- Above Acm, heating of hyper-eutectic steel
lecads to the solution of free cementite and the higher
the temperature the greater the solubility. Hence
heating above Acm and duration of heating tend to hin-
er the formation of gzlobular cementite.

(3) Alternation of temperature during
the passage of Aj-- This is one of the most effective
ways to produce coslescence. During the p%ﬁod of
heating, the small particles of cementité on account of
their minuté dimensions and great solubility dissolve
first, while during the peried of cooling, they pre-
cipitate arouné the residual particles of-cementite ,
The cementite particles consequently become coarser,
In fact, every alternation of temperature about A} de-
creases the number and incresses the size of cementite
particles.,

II, Below 4

(4) Temperature and duration of heating

below Aq--Coalescence can be maie to occur 2t tempera-
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ture below Ay by greatly prolonged heatin®, lasting for
1000 hours or so. The nearer to Al, the heatipg is
carried out, the more comparative quickly coalescence
will occur., Algo materials which have Dbeen cold-
worked will be spherolidized quickly than those
which have not,

(5) and (6) Previous mechenical work and
original fineness of the cementite elements
( troostite or sorbite state )--The cementite lam-
ellae must be previously broken up before they can
assure globular form. Hence, mechanical work such
as forging and cold work will help spheroidiza-
tion of cementite by previously breaking their
plates of lamellar cementite, Pcrmanent or elastic
deformation produced by cold wrok increases tle
golubility of +the cementite in ferrite and thereby
favours spheroidization. The fineness of +the ce-
mentite elements wi'!l ~1lso favour spheroidization
due to variation in solubility. coalescence will
take place more rapidly, if sorbite or troostite
bé present, On account of +his do:ble influence
of plastic deformation ond fineness of structure,
forged steel can be spheroidizel much more easily.

The part played by heeting below



A7 mry be summed up as follows :-

{1) With steels which have been previ-.
ously cold-worked, heating below A; will make coale-
scence to take place and the quicker it will wecur,
the higher the heating temperature.

(2) With annealed stcels, heating below
A, will produce coalescence unless the duration is
extremely long.

(3) The rate of cooling biclow A; has
no effect ol coalescence.

{(4) Chemical composition--Not much has
been Imown on this subject yet, We shall put down a
few instanccs only. In steels of eutectic composition
iv is much difficult for coalescence to take place, In
hyper-eutectie steels, the readieness to form coale-
gcence increases with the percentage of carbon, Low
percentages of chromium and tungsten make the coale-
scence of steels containing 1.0 to 1.2 per cent of car-
bon more difficult, while higher per centages of chromium,
tungsten, and molybdenum cause complete coalescence of

the carbon.

(2
Spheroidization and the properties and

heat~-treatment of steels.

(1} Influence on hardness--For most steels
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softness obtained from annealing is sufficient for ease
in machingng, But for certain steels, which are parti-
cularly hard owing to their chemical composition, ord-
inary annealing is not sufficient and we have to resor.
to divoreing annealing or spheroidization. In such
caseg, the resultant softness is a function of the de-
gree of spheroidization aquired by the cementite ele-
ments. The more the spheroidization is, the sodter
the mgterial will be,

(2) Influence on the malleabi.ity, in
the cold.--Spheroidization stéels are very valuble in
such operations &s stamping .- dies, and drawing tabes,
owing to their possessing lower elastc limit and great
er percentage of elongation., Such proeesses as alter-
nations of cold-working and annealing are really noth-
ing more than spheroidizing the cementitc elements in
the metal, Investigations into materials giving un-
satisfactory results in die stamping often show that
such materials posess lameilar structure.

(3) Influence on the surface finishing
after machining--Th?ugh globular structure is gsncral-
ly desiradble in macggng for its softness and ease of
manipulation, it is not good for machine parts where
accurate surface finishing is required., For such
works, the globular structure if existing in the ma-

terial should be destroyed by proper annealing.
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(4) Influence on the chemic~l properties
--Spheroidizafion changes not only t::e physical propert-
ies of stecl but modifies its susceptibility to chemical
agents as well, For instance, spheroidizied steel is
less soluble in sulphuric acid then annealed steel of
lamellar structure. Not much has yet been known on
this subject,

{5) Influence on the heat-treatments--
Dissolution of the carbon on heating is more difficult
to obtain in spheroidized steels. It is due to the fuc®
that in such steel the intersolubility of the structure
elements as a whole t-ends towards a minimum, their area
of contact is reduced end radius of curvature is changeaq,
Thus in order to get the same mechanicel results with
the same herdening process, the period of heating shouua
fﬁuch prolonged and the number of quenchings increased
in the cese of spheroidized steels., The important
point to note herec is that heat treatment proves to be
a function of its initisl structure and therefore its
previous treatment as well as of itscghemicrl composi-
tion. From this arise two alternative solutions of
the problem of heat-treatment of a steel of given
chemical composition; thelsecond on. being to be pre-
ferred :-

(a) To adopt the finsl heat-trestment to



the exdsting structural state of the stecl,

{b) To change the initial structurd
state of the steel to a standard structural condition
( which shall alwzys be comstant ) by a prelimimary
heat-treatment and then adopt Quniform fingl heat-
treatment.

Effeect of Nickle on Carbon Steels

The fixaX set of our specimen is of
carbon steel while the secamd is of nickle steel. A
short statement of the effect of nickle on the physi-
cal properties of carbon steel wilﬂbe given, as the
writer-s think that it might help to explain the dif-
ference in results between the two sets of tests mede.
Their nickle steel specimcns being of .25 to 5.75 %
niekle, they will confine their disé%sionvmore or less
to nickle steel of ahout the same amount in composition
Such Steels gre called pearlitic nickle steels on acc-
ount of their forming pearlites when air cooled. They
aréﬁgost widely used of all nickle steels. Compared
with carben steels of equal ductility, they show:huch
s hizher tensile strength and especially higher elastic
1imit;while compared with carbon steels of equal élas-
tie limit, they show much grcater ductility. In
other words, with such nickle steels, it becomes

possible to secure high tensile strength or elastic
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limit with 1ittle decrease in ductility., Nick:.e
steels stand better to,wear owing to their slight
increase in hardness and,with proper heat-treat-
ment, will e2lso show greater resistance to shock,
Nickle steels of various percent-
ages of nickle in them serve many pgrpﬁkses wher e
carbon steels have shown t. emselv:s to be inede-
quate, As early as 1904, resesrches were made
on nickle steels to determine whether or not it
could be used as boiler tubes with some advaﬁt~
age. Tests have shown considerable advantages
under boiler conditions as regardg to corrosion
and alterating expansion and contraction, An-
other interestinguse to which n£%le steels have
been put is for springs. Many tests on nickle
steels containing various proportions of nickle
have been made to discover the one which shows
the best variation in modulous of elasticity
with variation of temperature. Viith regard
to friction, nickle steel offers 6 to 10 % less
than carbon stcel. The use of nickle steel in
briégtignd structurel designs ks known to sll,

L)
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Diseusszions on Results

(A) Simple carbon steel

{1) Maximum load curve--The plot for the
orizginal specimen shows that sphercidization decre-
ases the tensile strength.m=f After quenching and tem-
pering; spheroidization has the same effegxet on the
tensile strength. The plot shows that with the in-
crease of the tempering temperature , the tensdle
strensth of both the amnealed and spherocidized steels
deceeases, At all tempering tempergtures annealed
steel specimens give us higher tensile strength htan
the spheroidized. At about 900° F the spheroidized
steel approasches the annealed most closely as shown
in the chirve, At 700° F the difrerence betwen the
tensile strenzth of the annealed and the spheroidized
is about 4,000 pounds per square inch and decreasew
a s the tempifing temperature increases tbwards 900°F,
From 900°F on the curve diverges again with 2 mex-
imum difference of about 6,500 pounds per square inch
at 1,200°F,

(2) Yield point plbt--This plot is gimilawm
inmmature to the previous one, Quenching and tem-
pering raise the yield égnt of botnh +the annealed anc
the spheroidized steels a great deal as we should
expect. The annealed steels show higher sield point

than spheroidized throughout the wnole tempering



range.

{3) ZLlongation plot--Percentage of elong-
ation and reduction of area are not slways correct in-
dications of ductility. The fracture ought to occur
at the middle, But owing to the fact that the middle
section is not alweys the smalﬁ%t, the fracture does
sometimes occur ncar the fillet of the specimen, In
that case the reduction of area and the percentage cof
elongation will of course be different from what they
should $key be, The mistake introduced #n perccntage
of elongation i& fortunateldy not very big, because the
variation is wusually only a small percentage of the
gege lengthy that introduced in reduction of area 1is
however, more serious sinece the crosv sectional area
is smell, Therefore, for ductility elongation is morc
reliable than reduction of arez.

The origimal specimens show thet spher-
oidization is undesirable for steels not heaty treatea,
After tempering, however, the sphercidized specimens
show better results than the annealed, the ductility
of the latter having dropped way dovn. With the in-
crease of the tempering temperature, the ductility of
both the spheroidized and annesled stecls increases,
Further more the slope of the curve also increases,

showingz that the percentagc of elongation is increas-
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ing more and more rapidly. After 1,100°F and
especially after 1,200°F the rste of increase in
elongation ig very rapidly. An increase of 50°
in tempering temperature would incresse the elong-
ation of both the annealed and spheroidized spe-
cimens about 4%, the rate of incFease being prac-
ticelly the same for both at all tempering temper-
atures from 700 to 1200°F,

(4) Reduction of area plot--This plot is
not very smooth, This is chiefly?%b the reasons

entioned sbove. Its mmbure should be simalar to
the percentage of clongation plot, The spheroidized
original specimen shows greater reduction of ar:a
thgn the a mealed, as we expect, After heat-teeat-
ment , howevr, the annealed steel becomes more duct-
ile thsn the spheroidized. It is intercsting to notle
that at a tempiring temperstue. of about 11L00°F the
spheroidized stecl becomes just as ductile as it is
before quenching and tempering.

(5) Brinell lardness-plot--The results
obtained from the Brinell test is not very satisfactory
due to the inhomogeneity of the mat¥ial. This plot
pught to have a2 nature sim:lar to that of the maximum
load plot. Hence thie spheroidized and annealed plots

should not cross eacw: other, Those twe points at
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800" and 900°F are not reliable: The former specimens
give us inconsistant results throushout our test ,
while the latter gives us a valuc QIittLe too nich
owing to most probably, inhomogeneity of the m=terial,
with the increase of tho¢ tempering tempcrature,thc
heardness of both the spheroidized and aniealed steels

decreases,

(B) DNickle Steel

(1) Moximum load plot--Here the annealed
and sphe oidized steel cross eachn other at 1040°F, toc
phenomenon which has not been observed in the simple
carbon steel . Within our temperins range the differ-
ence in msximum load between th. annealed and spheroi-
dized steels is very small, the greatest being only
5000 pounds per square inech at TOO°F, At hemperings
temperaturcs below 1040°F the spneroidized steel has
srcater maximum load tran the annesled, whilc thosc
above it arc in favous of the annuezled. The average
differcnce is not big in both cases, being only about
2000 pounds persquare inch. By comparing the values
for the original specimens with those heat-treated oies
we see thrt heat-treatment raises theltensile strungth
of both the anrealed and the spheroidized steels con-

siderably, cspecally at lower tempering temperatures,
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The gain from heat-treatment is grester in casc of
ammealed steels than that of the spheroidizede.

(2) Yield point plot--In original spec-
mens th. yield poin* of the spheroidized stedl is
lower than that of the =niealed which should not be
the cz2sce The mistake vas introduced in determining
the yield point of the former by estimatins from the
load-elonation curve rccordediby.the Olsen!s test
machine. Up to YLOO0°F the yield point of the anneal-
el =pecimens and that of the spheroidized are the
geme., After 100C°F the two plots diverge a little
with the annealcd 2bovec the spheroidized. But the
difference is very smell, being only about 1000
pounds persquare inche. idence so fer as the yield
point is cbnoerned, spheroidized steels are not so
zood as the annealed.,

(3) Zlongation plot--The original spe-
cimens show us that spheroidization rediuccs the per-
centaze of elonzotioh of the steel, After heat-
trecatment this is still true so lomg 25 the temper-
ing temperature is below 1150°F., But with higher
temperins temperature: toe spicroidized specimens
show ~rcater elongation thantthe annealed. The
average diffcrence in percentage elongation between
che aninealed and spheroidized steels is about 12 %

between:n temp.rinz tempe atures of 700 =nd 1O000°F,
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Whible that at 1200°F is only a2bout .7 %,

{4) Reduction of area plot--This plot is
not very reliasble, for resoms statcd above, The spher-
oidized and annealedT:Zam toc cross each other at 250°F
with the annealed above the spheroidized at lower \tem-
pering temperatures and the spheroidized above the anii-
ealed at hihg?r temperatures.,

(5) Brinell hardness blot--In the origiRal.
state the spheroidized steel is harder than the annealea,
whieh is contrary to the care in simple carbou s.ecl.
The anneealed and spheroidized plots cross each other
at 860°F with th: spheroidized above the snneal.d at
lowe” tempering temperatueres and the annicaled above

the spheroidized at higher temperatures,

Sunmery--The simple carbon steel plots
are not so smooth as the nickle steely ones. Thés
may be due to gitncr that niekl: makes the material
moee homogenious or that it makes the heat-treatment
more utiform. In the case of simple carbon steel
by means of spheroidization we gain about 7 % in
percentage of elongation and loss an averace of abo:t
5 % in tcnsile strensth. On thc other hand, spher-
oidization in nickle steel at low tempcring tempera-
tures gives us a2 maximum inecrease ol a2bout 2.5 % in

tensile strength and a dcrease of about 7.7 % in
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elongatioen. At high temporing temperatures, however,
the contrary is true. The gain in tensile strength
at any tempering temperature within our range is not
great in nickle steels. éncidently th. plot:- also
show that the original steels are much improved by
proper heat-treatment im casc of both annealed and

spheroidized steels,




Conclusion

All the physical properties considered, it
probably does not pay to go through the trouble of sphe-
roidization in either carbon or nickle steels, especial-
Y1y in the latter. Spheroidization, however, has its
sdvantages, when certain propertied of steel are requir-
ed. when tensile strength is $ke most important, the
writers should recommend the use of spheroidized nickle
steels tempered at low temperatures. This statement
is, however, made withPut comsidering the relative

prices of nickle and simple carbon steels or the relat-

ive expenses of annealing and spheroidization. When
: ~ant
ductility is most import, spheroidized simple carbon

age P
stecls sheuld be Xreferred. 1200°F seems to be a good

temporing temperature for that pgrpﬁxse. When Dboth
tensile strength and ducti.ity are important, the little
gain in tensile strength does not compensate the loss
in duetility by si'ieroidization at lower tempering tem-
peratures, nor will the littié gain in ductility by
sphcroidization at high tmmpering temperature offset
the loss in tensile stregth in cease of nickle steelse
On the contrary, iqkase of simple carbon stcels,it may
be desirablc to spheroidize them, if spheroidization
does not require any extra cxpense. When softness
for ease of machining is uegently needed, spheroidiz-

ation will} be helpful’if it is followed by tempcring



2t high temperatures.

The

End
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